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Energy Storage Applications

on the Grid

Pearl Street, Inc. 2002
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Desired Conditions

e at depth in competent rock

e well sealed container

e |arge volume

e can deliver air at desired rates

e favorable stress state

e can withstand pressure cycles**

e no detrimental conditions/circumstances
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Geotechnical Feasibility

e Depth : 500 - 1500m
e Volume > 2 x10° m?3
e Competent structure, non-oxidizing

e |n situ stresses compatible with desired
pressures

e Favorable hydrologic conditions
e Favorable openings
e Competing circumstances
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Some Geotechnical O

» Caverns in Salt (Engineered)
— (optimal depths of cavern ~2000 ft)

* Mined cavities (lined or unlined)
— (Depth depends on liner (or not), water curtain)

* Reservoirs (depleted natural gas,
aquifers, fractured systems, engineered)
— (optimal depths ~3000 ft, K>400mD, ®>.15)

* Former Mines
— (optimal depths ~2000- 4000 ft)

* Manmade vessels (better if buried) )i
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Legend

@ szt Cavern Storage

A A~auiter Storage Field
Y Depleted Gas Reservoir

+ Underground Storage - undifferentiated
Hard Rock Qutcrops
Salt Deposits
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SALT DOME CAVITY IS
2,000 FEET BELOW THE SURFACE
AND 2,000 FEET TALL

SALT DOME

EMPIRE STATE
BUILDING
1,454 FEET TALL

NEW ORLEANS
SUPERDOME
273 FEETTALL
frm—
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Salt Caverns

Understanding the effects of
rapid thermal/pressure cycling i
is crucial to assess long term
performance of CAES and to
assess cavern gas conditions
affecting efficiency and
economics.

Cavern gas thermodynamics is
coupled with energy transfer
to and from the salt formation.

The cycle-averaged cavern
temperature can be chosen to
minimize creep/damage of the
cavern and minimize |--
efficiency-reducing energy :

Endof 16 Hour extraction
losses to and from the End of 24 hour cycle
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SURFACE

INJECTION-

ALLOW WITHDRAWAL WELLS
DEPTH TO

ENOUGH PRESSURE

FLUIDS ~——7 INVERTED SAUCER
" . STORED FLUID, - . VERTICAL AND

LATERAL
LEVE MIGRATION
+ . " WATER TO -
- _ CONFINE
- FLUID .

OFTEN PORES OF SANDSTONE -
OFTEN PORES OF S WATER

Succar and Williamso{2008)Princeton University
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* N, bubble is formed and pushes the CH, to the fringes.
* Relatively little mixing during bubble formation. j
* N, rich bubble next to bore
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Mitigation & Safety: Results & Conclusions

" Purge reservoir before use
" Low pressure air cycling below UFL to remove gas (~90 psi)
= Never draw down air below the LFL (370 psi)

" |nsure no surface breach if ignition occurs (sufficient
overburden)

= Monitor NG content entering surface equipment

" |n-situ gas monitor
" Further study required
= Buoyancy issues, etc.
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ané’ Stﬂdié&s by Sandia were focused in the
Nortori‘Mlne in Ohio near the turn of the
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To Turbo Alternators

Hybrid Solar Receiver
————————

Solar

Concentrator

Man-made Storage Vessel
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Height/Radiu volume

. . . Weight
s Ratio Radius (m) [ Height (m) (md) Required

Steel (in) | (POUNCs)
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Questions?

sjbauer@sandia.gov
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